Phase relations in th e system Bao-Fe203-"FeO," at 1 atm (1 atm= 1.013 X 1()' N/m') oxygen and be twee n 800 to 1050 °C are s hown in th e vicinity (high Ba portion) of the 1:1 cation-cation ratio co mposition. A hexagonal BaTi03 -like phase, BaFe03 _X (a = 5.676A ,c= 13_ 934A), exists below %O°C. A perovs kite-lik e phase BaFeO:J_x' occurs be twee n %0 and 1050 0C. Single-phase tetragonal perovskite can be obtained at room temperature by quenching composition § with Ba-Fe ratios of 67:66 (a=3.985 A, c= 4.00S A, 1000 0c) and 27:26 (a=3.988 A, c=4.003 A, 1000 0c) from above 960°C. At the 17:16 ratio , single phase cubic perovskite(a= 3.994-A, 1000 °C), can be synthesized. Influence of te mperature , additions of barium, and use of Pt-contain ers on phase relations are discussed.
Introduction
Mixed alkaline eart h-transition metal oxides are of particular importance because of their interesting electrical and magnetic properties. Characterization of such materials through phase equilibrium and x-ray diffraction studies is complicated by the tendency of the transition metal to exist in dis proportioned oxidation states within a single phase. Variable oxygen > stoichiometries, controlled by temperature and oxygen pressure result. The 1:1 cation-cation barium ferrates are excellent examples of this phenomenon. Tetravalent iron has been confirmed in phases within the BaFe02.5-3.0 compositional range by MacCpesney et aL [1]1, and Gallagher et aL [2] , using magnetic studies and the Mossbauer technique. Some inconsistencies, • however, exist concerning the nature of the phases within this compositional range. Erchak et al. [3] , reported the compound BaFe02.62 (BasFei + Fe~+ 02 1) which was thought to be a c ubic perovskite (a= 8.05 .A). Subsequently, Malinofsky and Kedesdy [4] showed that this phase is not cubic, but is actually analogous to the hexagonal polymorph of BaTi03 [5] with a = 5.68 ,, .A and c = 13.86 .A. They also reported a tetragonal perovskite polymorph, admixed with the hexagonal form, with a=3.98 .A and c=4.01 .A. This mixture was prepared by heating the hexagonal form at 1275 °C in oxygen and slow-cooling. MacChesney, et aL [1] , and Gallagher, et al. [2] , prepared hexagonal forms in the BaFe02.74-2.!)5 range using oxygen pressures from > 0.2 to 2400 atm and generally below 850 "'C. Cushee I Figures in brac ke ts indi c ate the lit t:ra ture refe rences at the e nd of this paper.
et al. [6] ' 1 reported a BaFe02.72 hexagonal form with a=5.70 A and c=13.9.A while Coto and Takada [7] synthesized a 2BaO· Fe203 phase with a melting point at 1370 °C in 1 atm O2. The latter phase was reported as cubic (a = 8.07 .A) but is most likely a hexagonal barium ferrate sim ilar to that reported by Erchak et al. [3] , and originally thought to be a c ubic perovskite with a' = 2aCUb' Mori [8, 9] reported a number of BaFe03-X phases with X values ranging from 0.50 to 0.10. These were prepared in air and 1 atm oxygen using quenching and slow-cooling techniques within the 25 to 1080 °C range. A hexagonal BaTi03-like phase was found by quenching from below 950°C in oxygen. Above this temperature a transitory cubic form was obtained after a i-hr heating time. With longer heating times this form converted to a triclinic form through a rhombohedral form. Heating a 2BaC03 :Fe203 mixture at 1080 °C in oxyge n for i -hr and quenching also produced a cubic form, BaFe02.75, which upon further heating converted to a tetragonal phase, BaFe02.S1, through a series of tetragonal phases with lower oxygen contents. The BaFe02.81 phase was not of the simple tetragonal perovskite type as its powder pattern gave evidence of superstructure lines. Final equilibration products were not indicated and difficulty was encountered in reproducing each phase, in terms of symmetry and oxygen content, by the quenching method.
Although the existence of the hexagonal form is well documented, synthesis of a stable single-phase tetragonal perovskite or a stable, truly cubic perovskite has not been d emonstrated. This study was conducted to examine the la tter possi bilit y an d, therefore, co nsid ers only the existe nce a nd s tab ilities of phases e n countered.
C he mi cal analyses est a blis hin g F et + :Fe 3 + ratios (oxygen conce ntration) a nd Mossb a ue r da ta will be reported in t he f uture.
Experimental Procedure
Starting material was prepared from appropriately weighed (± 0.1 mg) quan tities of BaC03 a nd Fe2 03-These were hand mixed under acetone, packed in gold envelopes, and calcined in air at 800°C for two weeks with periodic remixing and reheating. Gold was used as the container instead of platinum because of the tendency of uncombined BaC03 to react with the latter. Another problem with platinum will be discussed later. Calcined specime ns were equilibrated at elevated temperatures in 1 atm (l atm= 1.013 X 10 5 N/m 2 ) oxygen using the quench method. A vertical tube, resistance type, furnace, modified for vacuum and gas flow capability with endclosures and "O"-ring seals, was used for the quenching experiments. Oxygen was passed through the furnace a t 10 -6 m 3 /s flow rate. Open gold envelopes were used as containers to 1050 0c. A few experiments were conducted above 1050 °C using platinum. Temperatures were measured with Pt-Pt 10 percent Rh thermocouples calibrated against the melting points of NaCI (801°C) and Au (1063 °C). The furnace was controlled by an a-c Wheatstone bridge controller capable of maintaining temperature to at least ± 2 0c.
Specimens were quenched into an ice-cooled brass cold finger which constitutes the lower portion of the furnace. X-ray patterns were made using a highangle Geiger counter-diffractometer and nickelfiltered Cu radiation at aI/4° 28/min scanning rate. Reported unit cell data are considered accurate to about ± 2 in the last decimal place listed.
Experimental Results
A portion of the BaO-"iron oxide" pseudobinary in the vicinity (high baria portion) of the 1: 1 cationcation compound is shown in figure 1. The diagram was constructed from the data in table 1. It is emphasized that the diagram represents stability of phases present (determined by room temperature x-ray patterns) as a function of starting Ba:Fe ratio. Absolute compositions involving Ba:Fe4+:Fe 3 + ratios belonging to the Bao--Fe2 03-"Fe02" ternary are not indicated. and slow-cooled the hexagonal form from 1275 °C • in oxygen. Hexagonal BaFe03-X does not appear to form solid solutions in the high baria portion of the system below 960°C. Changes in oxygen stoichiometry may occur as a function of temperature to 960°C. Cell parameters, however, do not c han ge from 800 to 960 °C and it is, therefore , expected that change in oxygen concentra-:t tion within this temperature range is limited. Below approximately 943°C, the phase assemblage consists ,---,---, --,---, ----,--, ----,-: '---=-,.=--=--.,.:.::-. 4 depend on the Fe4+ :Fe 3 + ratio in the phase. Starting at the 13"aFe03-x' phase, increasing amounts of barium at constant temperature will tend to increase the concentration of iron and oxygen vacancies. Increasing iron and 0 = vacancies should tend to expand the structure. Although unit cell volumes increase initially with increasing barium content, the apparent a cubic contraction associated with single phases from near the 17: 16 ratio to the two phase region suggests a second mechanism operating simultaneously. A plausible hypothesis involves the general equilibrum 2Fe 3 + +t02 ~ 2Fe 4 ++ 0 2 -. Physically, this mechanism would operate in the following manner. As iron and 0= vacancies are created by addition of barium, the concentration level of the 0 = vacancies would be decreased if some of the available Fe3+ is oxidized to Fe4+. The total number of iron vacancies would not be affected but the Fe4+:Fe 3 + ratio, and consequently .O = concentration, would increase. Cell contraction, as observed, might result.
Data pertinent to temperatures above 1050 °C could not be obtained in this study because of problems with container materials. Above the melting., point of Au, platinum tubes were used as containers for equilibration runs. In gold, hex-BaFe03-x is not stable above 960°C and 1 atm O2 • In platinum, however, a hexagonal BaFe03_x-like phase does exist above 960°C and persists at elevated temperatures to at least 1300 0c.
The phase is normally admixed with perovskite-like material but tends to predominate with increasing firing time. Consistert and reproducible equilibria data are difficult to obtain. It is hardly likely that hex-BaFe03 _x converts at 960°C to perovskitelike BaFe03-X' which in turn transforms at some temperature> 1050 °C ba c k to a hex-BaFe03_x" phase. This is apparent, especially in view of the data of MacChesney et al. [1] , suggesting the existence of an orthorhombic brown millerite-like Ba2Fe20 5 whi ch might be expected to form at sufficiently el~vated temperatures in O2• Coto and Takada [7] USIng Pt containers and 1 atm O2 reported a cubic 2BaO ·Fe203 phase with a melting point near 1370 0c. As pure Ba2Fe205 is not cubic and the reported a = 8.07 A parameter is approximately 2 X acubic perovskite, a value which may be used to index Cl: hexagonal BaTi03-lIke phase, the compound was probably erroneously,. , identified. It is likely that the phase observed was of the hex-BaFe0:J _x type. More interesting, however, is the stability of the compound to a congruent melt· ing point in 1 atm O2 and the exclusion of a stability range for a perovskite-like BaFe03-X'. These reported data and the inconsistent data above 1050 °C in this study have but one common denominator, platinum containers. It is, therefore, suggested that in the presence of Pt, a reaction occurs resulting in the stabilization of a hexagonal BaTi03-like 'p~ase con-..J taining Pt4+. Hexagonal phases contaInIng Pt4+ 1 are not unusual and have been reported by Dickinson e t al. [10] , Blattner et al. [11] , and Stratton [12] . If platinum does indeed tend to stabilize the hexagonal form, it is not surprising that the cubic and tetragonal high temperature perovskites herein reported have not been previously observed, as most experiments involving synthesis of materials are conducted using 'j Pt-containers. Furthermore, chemical analyses for Fe4+:Fe 3 + ratios, when Pt is present, would lead to erroneous oxygen ion concentrations.
